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[57] ABSTRACT 

A stable non-radioactive carrier for use in production of 
""Tc-labeled radioactive diagnostic agent comprising 
a chelating agent, a water-soluble reducing agent for 
pertechnetate and a stabilizer chosen from ascorbic acid 
and erythorbic acid, and their phannaceutically accept- 
able salts and esters in an amount of more than about 
100 moles per 1 mol of said water-soluble reducing 
agent 

4 Claims, 1 Drawing Figure 
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STABLE RADIOACTIVE DIAGNOSTIC AGENT 
AND A NON-RADIOACTIVE CARRIER 
THEREFOR 

_ 5 
The present invention relate* to a "Tc- labeled radi- 
oactive diagnostic agent and a non-radioactive carrier 
therefor. 

Since w Tc has a moderate half life of 6 hours and 
emits y-ray of about 140 KeV. it is quite suitable as a 10 
nuclide for scintigram imaging. In addition, w Tc can 
be used as occasion calls because its generator is widely 
spread. Based upon these facts. Ww Tc is widely pre- 
vailed as a nulcide useful in nuclear medical diagnosis in 
the present time. 15 

In order to combine "Tc with a chelating agent, it 
is necessary to reduce w Tc from the heptavalent state 
(pertechneute) which is commercially available to a 
lower valency state. This reduction is ordinarily carried 
out with a water-soluble reducing agent such as stan- 20 
nous ton. Thus, there is placed on the market a "Tc- 
labeled radioactive diagnostic agent using stannous ion 
as the reducing agent- Also are available in the market 
various compositions containing chelating agents and 



•t. nn ^». 7~ w w r * * " tfnu l,aiiy ,rcc irom coordination compound of the stabi- 

sunnous salts for preparing «-Tc-labeled radioactive 25 lizer and *"Tc. can be obtained by incorporatinn 
diagnostic aeents. However, thr hnwn ^i^^.;^ *u 1 L 7. mtorporaimg 



acid and ^Tc to form a coordination compound, 
which accumulates in a kidney being not to be diag- 
nosed. This publication, therefore, teaches that the 
amount of the stabilizer should be less than 100 mols per 
1 mol of the reducing agent. However, the *"»Tc- 
labeled radioactive diagnostic agent to be placed on the 
market should contain the radioactivity of about ten 
times that to be administered to a patient taking the loss 
of radioactivity during the transportation into consider- 
ation. The radiolysis is promoted by the increase in 
radioactivity and also the vibration during transporta- 
tion. In these cases, the addition of the stabilizer in the 
amount less than 100 mols per 1 mol of the reducing 
agent can not bring about a satisfactory re* It. 

As a result of the extensive study, it has now been 
found that a stable "Tc-labeled radioactive diagnostic 
agent and a stable carrier composition for the w*y c _ 
labeled radioactive diagnostic agent can be provided 
according to the technique described below. 

More particularly, it has been surprisingly found that 
a ""Tc-labeled radioactive diagnostic agent, which is 
stable enough at a high concentration of radioactivity 
under vibration during the transportation and substan- 
tially free from any coordination compound of the stabi- 



diagnostic agents. However, the known radioactive 
diagnostic agent is disadvantageous in that stannous ion 
used as the water-soluble reducing agent is easily oxi- 
dized by oxygen or an oxidizing agent and hence the 
reduction potency of the reducing agent is lowered 30 
during a period between the production and the usage. 
In order to remove this disadvantage, it was attempted 
to maintain the oxygen-free state by replacing the air in 
the container for the radioactive diagnostic i^ent with 



. :7" sMiuroing 10 mis invention, tnere is provided a stab < 



therein at least one chosen ascorbic acid and erythorbic 
acid, and their pharmaceutical] y acceptable salts and 
esters in an amount of not less than about 100 mols per 
1 mol of the water-soluble reducing agent. 

Accordingly, the present invention can be applied to 
the stabilization of a "Tc-labeled radioactive diagnos- 
tic agent or carrier therefor which contains a chelating 
agent and a water-soluble reducing agent. 

According to this invention, there is provided a stable 



obtained because complete replacement of the air was 
difficult. A simple means to solve the problem is to 
increase the concentration of stannous ion. However, 
this means is not preferable, because the amount of 
stannous ion to be administered to the patient is in- 
creased and. as the result, the tminiry i< liahlr to nn^i. 

On the oth^r hand, it is known that an oxidase sub- 
s:.^:jcc L fe;\- . radio h .sis of the solve- 
''■■"Tc-ccntai.-.;-.-,;. r-trtcchnci^c solu:;o.-: usee 



for 



\e 
the 



prises a pcrtechnetate, a chelating agent, a water-solu- 
ble reducing agent for the pcrtechnetate and at least one 
of ascorbic acid and erythrobic acid, and their pharma- 
ceuticaJIy acceptable salts and esters as a stabilizer, the 
40 amount of the stabilizer being not less than 100 mols per 

1 mol of thr warrr-wMrtSU rr-Hurjnn a 

There is :-.lso prcvjr'rd a stable non-radioactive car- 
r;.r for a v ' : j radioac:i *'c di^n^tic a £ ent 

which comprise* a chelating agent, a water-soluble 



r 9*)'w-t- wt.i^uaw <i enciaung agent, a waier-soiuoie 

preparation of To-labeled radioactive diagnostic 4J reducing agent for a pcrtechnetate and at least one of 



ar,mts. Such oxidative substance consumes the reduc- 
ing agent such as stannous ion and brings about a ^Tc- 
labeled radioactive diagnostic reagent which contains 
pcrtechnetate as an impurity. When the radioactivity of 

Tc is high, the formation of the oxidative substance 50 
caused by direct or indirect action of the radioactivity 
can not be neglected and a significant amount of various 
radioactive radiolysis products are formed. Thus, vari- 
ous inconveniences occur in the diagnosis using the 
radioactive diagnostic agent. 

In order to overcome the said inconveniences, there 
was proposed a technique that the radioactive diagnos- 
tic a>ent or the composition used for the prcs.-.rarion 
t!:c;-eot 11 stabilized b> incorporation of a stabilize; such 
as ascorbic acid erythorbic acid therein. This tech- 
nique is disclosed in Japanese patent Publn. examined) 
No. 6409/1982. In this publication, however, it is de- 
scribed that, when the amount of the stabilizer is in- 
creased, desirable distribution of the radioactive diag- 



ascorbic acid and cryihrobic acid, and their pharmaceu- 
tical^ acceptable salts and esters as a stabilizer, the 
amount of the stabilizer being not less than 100 mols per 
1 mol of the water-soluble reducing agent. 

Preparation of the stable "Tc-labeied radioactive 
diagnostic agent or the stable non-radioactive carrier 
therefor may be carried out by mixing the essential 
components as mentioned above in an optional order. 
For instance, the stable non-radioactive carrier can be 
55 produced by incorporating the said stabilizer into a 
non-radioactive carrier comprising a chelating agent 
and a water-soluble reducing agen: for a penechnetate. 
Funher, for insta-.c-:. :h c s'ab!= •'•-■Tc-Ubeied radioac- 
tive diagnostic agent can be produced by incorporating 
the said stabilizer into a "Tc-labeled radioactive diag- 
nostic agent composing a pcrtechnetate, a chelating 
agent and a water-soluble reducing agent for the pcr- 
technetate. Furthermore, for instance, the stable w "Tc- 
labcled radioactive diagnostic agent can be produced by 



60 



nc*tir *«.m i„ .Ts J« u u »7 luaciIVC aia «- ,a <**a radioactive diagnostic agent can be produced by 

onheXb lLr ^H ?h J 5 ,nmb,tcd ^ competition 65 incorporating "-Tc-containing pcrtechnetate into the 

of the solubilizer and the chelating agent in the radioac- stable non-radioactive carrier 

cnbed to the react.on of the stabihzer such as ascorbic should be less than that showing any material toxicity. 



NH CH- R 3 



4,489,053 

3 4 

The "Tc-labeled radioactive diagnostic agent or phan, stannous chloride and ascorbic acid as a stabilizer 

the non-radioactive carrier therefor may be formulated (hereinafter referred to as "PLMT.Sn.A "): 

in t lyophilixed composition, a simple powdery compo- Dissolved oxygen was removed from sterile and 

sioon. an aqueous solution or the like. In addition to the pyrogen-free water by bubbling sterile nitrogen gas. All 

. »«P°««t*. " contain any conven- j the following treatments were carried out under aseptic 

Oonal additive such as a pH-adjusting agent, an isotonic conditions in nitrogen stream. L-<+)-ascorbic acid was 

b^^ff ^l^ ,Um Ch,Cnde) * P fcscrvat,ve < c *« dissolved in the deoxygenated water (1000 ml). To the 

in? k° i J . . t j vt • « solution was suspended powdery N-pyridoxyl-DL-5- 

The chelating agent may include N-pyndoxy -a- m^hwi.r^^x.* n\ w ^ ' *J _ 7 

amino acid of the formula: 10 ^* X "W*** mg: W*?^"™*™* 0 t0 

10 Heyl et al., J. Am. Chem. Soc. t 70, 3429-3431 (1948), 

hereinafter referred to as **PLMT"). Then, anhyd r ">us 
stannous chloride (94.8 mg) was added to the sus^n- 

hooc— C— R 1 . A 4N aqueous sodium hydroxide solution was gradu- 

15 ally dropped to the suspension stirred with a magnetic 

R 5 "^ n R 4 stirrer to dissolve the powders and adjusted pH to 10.0 

giving PLMT.Sn.A. The PLMT.Sn.A. was passed 

wherein R 1 and R 2 are each an atom or an atomic group through a filter having opening diameter of 0.22 >ini and 

bonded to the a-carbon atom of the a-amino acid and M filled m * vial, the air in which was replaced beforehand 

R J t R 4 , R 5 and R 6 are each a hydrogen atom, a halogen by nitrogen gas. By varying the amount of L-< +)-ascor- 

atora (eg. chlorine, bromine, iodine, fluorine), a Cj-Cio hie acid, a number of PLMT.Sn.A. containing L-(+)- 

alkyl group (e.g. methyl, ethyl, propyl, isopropyl, butyl, ascorbic acid in various concentrations were produced, 

pentyl, octyl) or a Ci-Ctoalkyl group substituted with The obtained PLMT.Sn.A. was a colorless, clear solu- 

at least one hydrophiltc group, or its salt tion. 

Among the said symbols, R 1 and R 2 can each repre- 23 

sent any atom or atomic group * /hich may be present in EXAMPLE 2 

£ C * dd of fonnuU: H 2 N— <QR»XR- Production of a stable "Tc-labeled radioactive di- 

2>-COOrL Examples of such atom and atomic group agnostic agent formed by contacting PLMT.Sn.A. with 

are hydrogen. Q-Cio alky!. Ci-Cw alkyl substituted w^ c <ontaining pcrtechnetate (hereinafter referred to 

with at least one of amino, imino nitro, hydroxy, mer- & *T C -(PLMT Sn A )")* 

capto, Ci-Cio alkoxy, Ci-C l0 alkylthio carboxy, oxo. A physiological* saline solution (1.0 ml) containing 

^°'^?™ y ' P €nyl h y^ x VP hcn y^^ Jhus, said 9Wr c m thc form of penechnetate was mixed 

TlnZ ZSf*? 9 * " y Ooc whiC * 15 P fcscnt with PLMT.Sn.A. (1.0 ml) obtained in Example 1 in a 

cihS TT K CyS -T * 35 ^ ihc " r in which wa * rc P !accd b V nitrogen gas. The 

Ky^ *J* -mcie-ly heated fn /boiling 

sine, methlonme,norIeuIme, opaline, omitine, phi '° IT ^T' 

ylalanine, proline, serine, taurine, threonine, trypto- tU f " * VC ^ , n I * 1 ° f T 

phan, tyrosine, valine, etc The hydrophilic group y cllow f cIw » lut ' on - U * n « Phys.ologjcal salme solu- 

which may be present on the alky! group represented by <0 U °? °L^T<: "dioactivay concentrations, a variety 

K\ R\ R3 or R* nsay include -SOiK; -SC,M, -C- ° f Tc-(PLMT.Sn. A.) were obtained. 

SG 3 H, -OSOjM, — COOH, — COOM, — NH 2 , EXAMPLE 3 

-N(R 3 )X, -CN, -OH, — NHCONH2. — (OCH2CH2. . n f u . ^ J 

)„-, etc. (wherein M is an alkali mm! or sn ammonium ^ Influcnce of concentrations of ascorbic aod and 

group, X is an acid residue such as haJide.R is a C1-C0 45 mTc ^ loactlv,t y on stability of Tc-(PLMT.Sn.A.) 

*!V.yl froyp ^ n is an c?lior,d inu-r,-.-V G:f:rr conven- (cvstu.-inoi: by TLC): 

l:on;,: J/rir:- : :- t r* <-.;c.h &<■; X^: : \ 1., : , c it -t-oxy!ic Si.sbaiiy of Tc-(PLMT.Sn.A.) ot-taincd in E^rr.plc 2 

acid b^^raethylihiosemicarbazonc) arc also usable. WiiS cvaJuaicd by determining the lafcxiing efficiency on 

The water-soluble reducing agent may be any con- a lhin la * cr P Iatc * aftcr storin S the dark for 24 hours. 

vcnuoruU axid phanRaccuricaJIy acceptable rcJucirg 50 Thin Izycr chromatography (TLC) was carried out 

agent, preferably a stannous salt. The stannous salt is a "^".S a silica 8 cl P la( c of 0.25 mm in thickness as a 

salt formed from divalent tin and an anion including stationary phase and a mixture of methylethylketone, 

halide ion (e.g. chloride ion, fluoride ion), sulfate ion, methanol and 2M aqueous potassium chloride solution 

nitrate ion, acetate ion, citrate ion and tartrate ion. m a volume ratio of 10:9:1 as a mobile phase, developing 

The pharmaceuticaJly acccptalbe salts of ascorbic or 55 for about 10 cm and scanning with a radiochromatos- 

erythorbic acid may include the alkali metal salt such as canner. In this chromatography system, Tc- 

sodium salt and potassium salt The ester of ascorbic or (PLMT.Sn.A.) had a sensitive single peak at an Rf value 

erythorbic acid may include the Ci-Cioalkyl ester (e.g. of about 0.65 and sodium pertechnetate had an Rf value 

methyl ester, ethyl ester, propyl ester, isopropyl ester, of 0.98. The Wm Tc-tin colloid and insoluble inorganic 

pentyl ester, octyl ester). 60 technetium chemical species (e.g. TcOj) produced by 

Practical and presently preferred embodiments of the reduction and hydrolysis remained unmoved at the 

fevc:UJor» arc Dli-^riovclv shewn in fc'? *v ;- v j starting point. Thc r^o r y ^ -rodr:! of Tc- 

a^plc*- " (PLMT.Sn.A.) was observed a=. a wide peak at an Rf 

EXAMPLE 1 VaJuC ° f 01 ~ -0 " 4 * AccoT( *i n &y* ^e labeling efficiency is 

65 given by the following equation: 

Production of a stable non-radioactive carrier for use 

in the production of » , »Tc-Ubel«J radioactive diag- ^..n, rt^y <%> - 
nos&c agent using N-pyndoxyl-DL-5-methyltrypto- 



5 

-continued 

RjdtoacttvitY •! ft/ ■ 0.7 
Toul ndiMcavuy oa 7X.C pl*U~ 
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The relationship between the labeling efficiency after 
the lapte of 24 hour* and the concentrations of ascorbic 
add and ""re-radioactivity at the time of production 
of the physiological saline solution containing "Tc- 
containing sodium pertechneUte b shown in FIG. 1 of 



Since Tc-(PLMT.Sn.A.) is a diagnostic agent adapted 
for dynamic functional study of hepato-bile duct sys- 
tem, it is desirable that the major part of radioactivity is 
distributed in small intestine at 1 hour after the adminis- 
tration and is not distributed in other organs, blood or 
carcass. From this aspect, Tc-<PLMT.Sn.A.) using 
PLMT.Sn.A. which contains 75 mmol/1 of ascorbic 
acid and having a labeling efficiency of 100 % showed 
an excellent internal distribution for use as hepato-bile 



the accompanying drawing. The concentrations of 10 duct imaging agent as seen from Table 1, while in Tc- 

PLMT and stannous chloride were fixed at 2.113 ~ * 

mg/ml (5.72 mmol/1) and 0.0948 mg/ml (0.5 mmol/1), 
respectively, as described in Example 1. 

It can be clearly seen from FIG. 1 that, when the 
concentration of radioactivity in the Wm Tc<ontaining 15 
sodium pertechneUte solution used for Tc* 
(PLMT.Sn.A~) is 10 mCi/ml (Curve A), the labeling 
efficiency of 100 % is maintained 24 hours after the 

production as long as the concentration of ascorbic acid 

a more than 3 mmol/1. However, the concentration of 20 Example 3 and shown in FIG 
ascorbic add b required to be higher in order to main- 
tain the labeling efficiency of 100 % as the concentra- 
tion of radioactivity increases. On the other hand, it is 
accessary to use a pertechneUte solution having a con- 
centration of 80 -120 mCi/ml at the time of production 25 
in order to secure the radioactivity level required to 
give sufficient informations, taking into consideration 
the time for transportation, which is about 21 hours at 
the maximum. Curve D in FIG. 1 shows that, when a 
sodium pertechneUte solution containing radioactivity 30 
of 130 mCi/ml b used, PLMT.SilA. must contain as- 
corbic acid in a concentration of more than 590 
mmol/ml in order to maintain the labeling efficiency of 
100 %. Considering the safety factor, PLMT.Sn.A. 
containing 70 -80 mmol/ml of ascorbic acid bappropri- 33 
ate r T production of Tc-(PLMT.Sn.A.) with 130 

mCi/mL which b possible to maintain the labeling effi- 

ciency of 100 %. 

In this case, the ratio in molar concentration of ascor- 
bic acid (70 -80 mmol/ml) and stannous chloride (0.5 40 
mmol/1) b 140 -160. As is evident from FIG. 1, stabili- 
zation can also be attained at the concentration of ascor- 
bic acid more than 150 mmol/U te. at the molar con- 
centrztios n:io (zsccr'Ac acid/star^.ous chloride) of 
no: c th.\n XO. 



(PLMT.Sn.A.) using PLMT.Sn.A which contains 4 
mmol/1 of ascorbic acid and having a labeMg effi- 
ciency of 78 %, there observed in small intestine 82.12 
% of the radioactivity, which b about 1 1 % lower than 
that (93.44 %) of the aforementioned Tc- 
(PLMT.Sn.A-X and also observed relatively high dbtri- 
bution in other organs, blood and carcass. Thus, it was 
confirmed from the results in Table 1 that the result of 
the animal experiment b parallel to that obtained in 

1. 

TABLE 1 

IntcnuJ distribution of Tc^PLMT. So. A.) 
in ret (* to radioactivity administered, 
at t hour after the administration. 
average for 3 aninuUt) 

Conccntraooa 
of ascorbic acid in 
PLMT. So. A. used 
73 mmol/1 4 mmot/1 

Labeling efficiency 
at the time of ad- 
ministration 



Organ 


100% 


78% 


Liver 


U2 


3.92 


Small intestine 


93.44 


82.12 


Stomach 


0.04 


0.10 


Kidney 


0.25 


1.32 


Blood (1 ml)* 


0.02 


0.04 


" Carcass 


2.1S - 


— 4.22 


Bladder (orine) 


2.00 


7.04 



*A vthf whrt Ih* body *r»fhl w« ftormthxrd to 300 f 



containing 75 tnmo!/l of as- 
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Influence of concentrations of ascorbic acid and "* T Tc- 
r&dioa-ciivuy on subi;i;y cf Tc -{PLMT.Sn.A.) (evalua- 
tion ming laboratory animals): 

Animal experiment was conducted to confirm the 
conditions for stabilization of the diagnostic agent by 
ascorbic acid. Two kinds of PLMT.Sn. A- containing 75 
mmol/1 and 4 mmol/1 of ascorbic acid, respectively, 
were produced according to Example 1. Two kinds of 53 
Tc-(PLMT.Sn«A) were produced from the two kinds 
of PLMT.Sn. A. mentioned above and a 99m Tc-contain- 
ing 130 mCi/ml sodium pertechneUte solution, and 
stored in the dark at room temperature for 24 hours. 
Then, the labeling ratios of these two Tc- 
(P2.MT.Sn. A.) were determined according (o the 
r.i/d.:^ cL.-.::w,d in Exa.:::i.lc 3 giving ICO *7g and 78 
% f respectively, as shown by P and Q in FIG. 1. Each 
0.2 ml of the two Tc-(PLMT.Sn.A.) was administered 
intravenously into tail vein of female rats of Spraque- 
Dawley strain, which were anatomized after an hour 
and radioactivities in each organ were measured. The 
results are shown in Table 1. 



EXAMPLE 5 

Toxicity of PLMT.S n. 
corbie acid: 

T>c solution of ! . ' .ir..A. o--.--: ; ' : 75 rr.rr^ 
of ascorbic LC ; .ii cl.. '. in Eju^pic 1 v 3d:ninis- 
tered intravenously to groups of male SD strain rats, 
groups of female SO v • r*ts. each £roup cor.sisiing 
50 of 10 animals, at a dove c: 1 ml per 100 g of body weight 
(which dose corresponds to 600 times the normal dose 
to human beings), and also to groups of male ICR strain 
rats, groups of femal ICR strain rats, each group con- 
sisting of 10 animals, at a dose of 0.5 ml per 10 g of body 
weight (which dose corresponds to 3000 times the nor- 
mal dose to human beings). Separately, the same vol- 
ume of physiological saline solution as above was ad- 
ministered intravenously to groups of animals with the 
same constitution as above for control. The animals 
were fed for 10 days and body weight was recorded 
every day. However, no significant difTrrer.ee vaj ob- 
served in U>Jy weight between the medicated and con- 
trol groups. Then, all the animals were anatomized and 
inspected for abnormality in various organs. However, 
no abnormality was observed in any of the organs. 

From the above result, it can be safely said that the 
toxicity of the non-radioactive carrier according to the 
invention is extremely low. 
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We d*xm: x A stable ♦'^Tc-labcled radioactive diagnostic 
L A stable nocwadioactrve carrier for use in produc* Agent which is produced by contacting ""Tc-contain- 
tion of •**Tc-labeled radioactive rft»jpm*»*» agent com- tag pertechnetate whh a non-radioactive carrier com- 
prising a chrisrin g agent, a water-soluble reducing prising a chelating agent, a water-soluble reducing 
agent for pertechnetate and a chosen from 3 Agent for pertechnetate and a «»*Knj Trr chosen from 
ascorbic acid and erythorbic acxJ, and their phannacco- Ascorbic acid and erythorbic acid, and pharmaccutically 
ticaOy acceptable sahs and esters in an amount of more Acceptable salts and esters in an amount of more than 
than about 100 moles per 1 mol of said water-soluble * bout 100 f** * 001 of *Aid water-soluble reduc- 
redocing agent and m an amount less ***** that showing a 8 cnl **** m Amount less than that showing any 
any material toxicity, said chelating agent comprising 10 toxicity, said chelating agent comprising N- 
N-pyridoj^t^-amino acid of the formula pyndoxyl-a-axnino sod of the formula 



NH CH-R J I T" " 

l. Yy - 

R^N^R* * N 



NH CH-RJ 

OH 



HOOC — C— R 1 



wherein Ri and Ri torn or aauomic group 20 *' R J e»cl> in urn or an «omic group 

whttcaabepce^iaaWno^do^thefcx^r ^ «n be pr««t » «^n»o «d of the fonaul. 

&3 D4 ss pi u « «*i R*. R 4 . R 5 and R* are each a hydrogen atom, a 

*; j^*.^* * hydn ^* tom r! halogen atom, a C,-C,o Alkyl group oW Q-Ch) alkyi 

• Ci^Cio *^aT°«P or a C|-Ck> alkyl # group substiruted with at least one hydrophobe group, 
ted with at least one lrydrophffic group, or its salt ^ 



- . i. The stable ♦^Tc-Ubekd radioactive diagnostic 

ZTOe stable non-radioactrve carrier according to agent according to daim X wherein the water-soluble 
cfattm t wfaerem the water-soluble reducing agent ts a reducing agent b a stannous salt 



salt J, 
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